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Section  I 
SUMMARY 


1 .  SUMMARY 


Contract  DA-44-177 -TG-584  with  the  Army  requires  that,  in  addition  to  bi¬ 
monthly  technical  progress  reports,  comprehensive  reports  of  major  work 
phases  be  prepared  and  submitted  to  the  contracting  officer.  Previous 
reports  submitted  under  this  requirement  are ; 

-  X353-5  Fan  Design  Report,  May  30,  1960.  (Proprietary) 

-  Fabrication,  Test  and  Analysis  of  a  Tip  Turbine  VTOL 
Propulsion  System  (Report  of  Phase  I,  Static  Tests,  Fuselage 
Mounted  X353-5)  TREC  60-42,  August  31,  1960, 

-  Results  of  Wind  Tunnel  Tests  of  a  Full  Scale,  Fuselage  Mounted, 

Tip  Turbine  Driven  Lift  Fan  (Report  of  Phase  11  Tests 
Volumes  1  and  2  of  3)  TREC  61-15,  January,  1961  and 

October  1961. 

This  is  the  required  report  for  another  major  portion  of  Phase  11  contract 
work.  It  includes  ground  effect  results  for  the  full  scale,  fuselage 
mounted  X353-5  lift  fan  obtained  during  a  third  test  of  17  hours  duration 
in  the  Ames  40  x  80  foot  wind  tunnel.  The  report  includes: 

-  Modifications  to  test  equipment  (Section  11) 

-  New  instrumentation  (Section  111) 

-  Test  procedures  and  results  (Section  IV) 

-  Analysis  of  test  results,  conclusions  and  discussion  of  any 
problems  encountered  (Section  V) 

-  Hardware  inspection  results  (Section  VI) 
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-  Program  recommendations  (Section  Vll) 

The  basic  test  data  obtained  for  every  test  point  is  tabulated  in 
Appendix  A.  A  few  items  of  summary: 


Fan  operating  time 
Data  points  recorded 
Range  of  variables  tested  - 
Tunnel  speed 
Angle  of  attack 
Fan  speed 

-  Exit  louver  angle 

-  Wing  flap  angle 

-  Tail  position 

-  Tail  configuration 

-  Tail  incidence  angle 

"  J85  engine  speed 

•  J85  turbine  discharge  bleed 

■  Tunnel  temperature 


17  hours,  13  minutes 
427^ 

0  to  80  knots 
-4  to  +18“ 

0  to  2475  rpm 
-1“  to  +65“ 

0“,  30“ 

0.4  b/2  above  wing  chord 
plane,  and  tail  removed 
no  flap 
0“ 

0  to  16,500  rpm  (100%) 

6%  of  J85  inlet  flow 
58“F  to  88“F 


Analyses  of  the  results  is  presented  as  a  comparison  of  the  performance 
in  ground  effect  with  that  previously  obtained  out  of  ground  effect. 
Emphasis  is  placed  on  the  influence  of  fan  performance  changes  on  the 
overall  system  performance.  A  few  items  of  performance  conclusions 
are  listed  below: 


AERODYNAMIC 

1.  The  basic  aircraft  (fan  o,  .bited  higher  lift  at  low  angles 

attack,  lower  induced  drag  and  higher  downwash  at  the  horizontal 


of 


Does  not  include  power  off  data  points. 
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tail  but  essentially  unchanged  longitudinal  stability 
characteristics . 


2.  Longitudinal  stability  margin  with  the  fan  operating  was  generally 
increased  because  of  changed  pressure  distribution  on  the  fuselage. 

3.  STOL  performance  was  essentially  unchanged  from  the  results 
published  in  Volume  2. 


4.  The  J85  engine  encountered  severe  hot  air  reingestion  because  of 
the  proximity  of  the  inlet  to  the  ground. 


5.  Lift  loss  (flow  reduction)  due  to  throttling  the  fan  was  very 
sensitive  to  height  above  ground.  At  P  =0°,  constant  fan  rpm 
and  near  hover,  following  results  were  obtained: 


h/dp 


7o  Reduction 
in  Lift 


%  Reduction 
in  Fan  Flow 


1.41  6  4 

0  85  33  27 


Based  on  scale  model  results  at  the  lower  heights  the  lift  loss 

characteristic  is  very  steep.  At  h/d  1.0,  a  rough  interpo- 

r 

lation  of  full  scale  results  indicates  a  lift  loss  of  15%. 


6.  Fan  performance  at  high  exit  louver  settings  (35°  to  40°)  was 
essentially  unchanged, 

7.  Downwash  at  the  tail  increased  by  4°  at  h/d„  =  1.41. 

F 

8  Pitching  moments  (longitudinal  trim  requirements)  in  ground  effect 
generally  decreased  at  low  velocity  ratios  because  of  reduced  fan 
flow,  but  increased  at  high  velocity  ratios  because  of  the  tail 
downwash  increase. 
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9.  The  fan  flow  decrease  was  accompanied  by  hub  stall  caused  by  a 
high  static  pressure  ratio  across  the  rotor  (this  phenomenon  is 
not  present  when  throttling  with  exit  louvers) . 

10.  Data  scatter  reduced  the  accuracy  of  the  ground  effect  test  re¬ 
sults  relative  to  those  presented  in  Volume  1  and  2. 

MECHANICAL 

1.  Cosine  20  blade  stress  and  stator  stress  increased  as  h/d  was 
reduced.  ^ 


2.  There  was  a  difference  in  mechanical  performance  of  the  rotor  in¬ 
dependent  of  ground  proximity  resulting  from  changing  the  torque 
band  design  (two  piece).  The  vibratory  stress  in  the  torque  band 
was  reduced  40%  which  is  the  result  of  part  of  the  torque  load  be¬ 
ing  transmitted  through  the  carriers.  The  cosine  20  mode  was  also 
generally  lower. 

3.  Exit  louver  mounting  pins  were  worn  causing  some  inaccuracy  in 
louver  settings. 
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Section  II 

WIND-TUNNEL  MODEL 


II.  WIND  TUNNEL  MODEL 


AIRCRAFT  MODEL 

The  aircraft  configuration  was  the  same  as  reported  in  Volume  2.  The 
sketch  in  Figure  1  is  repeated  here  for  convenience. 

TUNNEL  MODIFICATIONS 

The  following  are  changes  from  the  setup  used  during  the  tests  de¬ 
scribed  in  Volumes  1  and  2. 

1.  A  ground  plane  was  installed  above  the  tunnel  floor  to  provide  a 
smooth  flat  surface  and  a  lower  ground  to  fan  discharge  height 
(see  Figure  2a) . 

2.  The  model  was  supported  on  variable  height  struts  which  provided 
adjustable  ground  to  fan  discharge  height  without  disturbing  the 
setup.  Figure  2b  shows  the  closest  position  to  ground  tested. 

FAN  MODIFICATIONS 

The  major  change  was  the  addition  of  a  redesigned  torque  band  and 
rotating  seal. 

A  design  change  for  the  torque  band  to  avoid  cracking  has  resulted  in 
two  configurations-  Design  A,  Figure  3a,  used  for  this  test  is  a  two- 
piece  approach  which  separates  the  seal  and  torque  transmission 
functions  of  the  component.  The  seal  is  made  in  18  segments  to  remove 
an  interaction  with  rotor  axial  vibration.  The  torque  band  is  con¬ 
tinuous  but  shortened  in  axial  width  to  stay  within  the,  support  length 
provided  by  the  carrier  side  rails.  Significant  elements  in  the  design 
include : 

a.  Each  of  the  18  seal  segments  provides  both  forward  and  aft  seal 
surfaces  in  a  single  piece  (Figure  3b) . 
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b.  Increase  In  seal  stock  thickness  from  0.032  to  0.045. 

c.  Reduction  in  seal  stock  thickness  to  0.020  in  area  beyond 
carrier  support  surface  to  reduce  centrifugal  loading. 

d.  Increase  In  torque-band  thickness  from  0,032  to  0.045  to 
maintain  torque  transmission  cross-sectional  area  require¬ 
ments  . 

Design  B,  Figure  3a.  uses  the  original  lightweight  design  philosophy 
but  with  reduced  steady-state  stress  levels  to  accommodate  the  com¬ 
ponent  vibratory  loading.  Stress  reduction  is  accomplished  through 
the  use  of  thicker  basic  stock  (0.045  vs.  0.032)  with  a  thickness 
taper  (0.045  to  0.020)  across  the  band  width.  This  design  will  be 
evaluated  in  a  later  program  on  rotor  S/N  No  002  installed  in  the 
NASA  fan- in-wing  aircraft  and  tested  in  the  40  x  80  foot  wind 
tunnel. 

The  only  other  changes  were  the  replacement  of  all  fastener  hardware 
in  the  rotor  assembly  and  replacement  of  14  honeycomb  seals  in  the 
front  frame.  The  latter  was  necessary  to  reduce  the  cold  radial 
clearance  from  0.143  to  0.050.^ 

J85  ENGINE 

The  engine  was  the  same  as  that  used  during  the  preceeding  test  period  in 
the  40  X  80  foot  wind  tunnel,^  A  hot-parts  inspection  (turbine  wheels, 
nozzle  diaphragms  and  combustor)  was  performed  and  no  wear  or  damage 
was  noted  prior  to  commencement  of  this  test  phase. 


Reduced  clearance  was  desirable  for  the  forthcoming  wing  installation 
which  is  more  sensitive  to  leakage. 

^  J85-7  S/N  235-003. 
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Section  III 

TEST  INSTRUMENTATION 


III.  TEST  INSTRUMENTATION 


The  fan  and  tunnel  instrumentation  was  essentially  the  same  as  re¬ 
ported  in  Volume  1  with  the  following  exceptions: 

1.  A  Pitot-static,  combination  pitch  and  yaw  probe  was  installed 
in  the  test  section  located  forward  of  the  model  and  approximately 
4  feet  from  the  right  wall  in  Figure  2b  (not  visible  in  the 
photograph).  This  probe  was  used  to  verify  the  calculated  area 
reduction  caused  by  ground  plane  installation,  and  to  check  for 
flow  angularity  in  the  test  section. 

2.  Wing  static  pressures  were  not  installed,  however,  fuselage  static 
pressures,  identical  to  those  described  in  Volume  2,  were  installed 
and  recorded. 
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Section  iV 

TEST  PROCEDURES  AND  RESULTS 


IV.  TEST  PROCEDURES  AMD  RESULTS 


Table  I  gives  a  suaaury  of  the  teat  runs  and  the  range  of  vatlable  en- 
coag>assed.  Table  II  shows  the  breakdown  of  fan  operating  tlsM  as  a 
ftmctlon  of  fan  speed  and  fan  turbine  Inlet  tenperature.  The  testing 
reported  herein  was  acconpllahed  with  Fan  serial  nuaber  001  BU  No.  4. 
(Table  II  Includes  all  of  the  operating  tlae  on  Fans  S/N  001  and  002 
through  Hay,  1961) . 

The  testing  was  conducted  at  two  ground  heights:  1.41  and  0.85  h/d^* 
as  coapared  with  2.98  h/d^  during  the  two  previous  wind  tunnel  tests. 

(See  Figures  2  and  4  and  Figure  7,  Voluae  1). 

The  test  procedures  were  essentially  the  same  as  described  In  Voluae  1, 
Section  V.  Negative  values  of  angle  of  attack  at  the  lower  ground 
height  were  not  tested  since  the  proxlalty  of  engine  Inlet  to  the 
gromd  plane  swde  this  laposslble.  The  ranges  of  other  variables  were 
essentially  unchanged  froa  ranges  previously  tested. 

MEASUREMENT  ACCURACIES 

The  Inherent  accuracy  of  the  scale  systea  to  record  lift,  drag  and  aoaent 
Is  unchanged  by  the  Installation  of  the  ground  plane.  The  overall 
accuracy  of  the  force  aeasuresants  under  conditions  of  low  tunnel  velocity 
and  low  eklt  louver  angles  was  adversly  affected  by  engine  relngestlon. 
(See  discussion  In  Section  V) .  The  resulting  fan  speed  fluctuation 
(+40  rpm  at  1700  rpa)  was  equivalent  to  a  thrust,  fluctuation  of  +51. 

The  scale  force  aeasureaent  averages  the  variations  since  It  consists  of 
five  separate  readings  for  each  data  point.  The  recorded  fan  speed  Is 
obtained  by  visual  averaging  of  the  tachometer  Indication  and  Is  there¬ 
fore  subject  to  unknown  reading  error.  During  the  test  program  effort 


Distance  from  the  tunnel  deck  to  the  bottom  of  the  fuselage  divided  by 
the  blade  tip  diameter.  (82.5  inch).  Corresponding  values  of  h/d  bused  on 
distance  from  wing  chord  plane  to  the  tunnel  deck  were  1.83,  2.39,  and 
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TABLE  I 
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TABLE  II 


SUMMARY  OF  LIFT  FAN  OPERATING  TIME 


Fan, 

S/N  001 

S/N  002 

Total 

Both 

Fans 

Speed  Range 

B/U  #1 
Even. 

B/U 

Even. 

n 

Ames 

B/U  #3 
Ames 

B/U  #4 
Ames 

Total 

B/U  #1 
Even. 

0  -  247. 

5:02 

4:08 

9:10 

2:57 

12  :07 

25  -  49 

2:43 

7:23 

5:08 

4:10 

2:03 

21:27 

16:47 

38:14 

50  -  74 

9:52 

5:57 

12:01 

16:43 

14:02 

58:35 

12:17 

70:52 

75  -  89 

90  -  100 

1:29 

2:11 

3:08 

1:06 

7:45 

1:01 

:07 

16:47 

9:38 

11:12 

37:37 

TOTAL  HOURS 

19:06 

19:39 

20:17 

29:44 

17:13 

105:59 

52:51 

158:50 

Temp .  Range 

o 

0  -  599‘'F 

8:20 

5:09 

13:29 

1:07 

14:36 

600  -  799 

1:57 

1:49 

5:05 

:53 

9:44 

1:39 

11:23 

800  -  899 

7:49 

7:05 

:28 

15:17 

10  :26 

41:05 

15:20 

56:25 

900  -  999 

1:00 

4:39 

14:22 

1:21 

4:39 

26:01 

14:06 

40  :07 

1000  -  1200 

:57 

5:27 

8:01 

1:15 

15:40 

20  :39 

36:19 

TOTAL  HOURS 

19:06 

19:39 

20:17 

29:44 

17:13 

105:59 

52:51 

158:50 

DAJA  POINTS 

71 

66 

348® 

539® 

427® 

1451 

554 

2005 

a 

Not  including  basic  airplane  data  with  fan  off. 


was  made  to  obtain  more  than  one  reading  at  each  condition  where  engine 
reingestion  was  present  to  compensate  somewhat  for  this  random  error. 

The  model  and  fan  vibrations  maiy  add  dynamic  loads  to  thr  static 
measurements  and  result  in  another  source  of  data  error.  The 
scale  system  most  likely  does  not  respond  to  the  predominantly  one  per 
revolution  fan  vibration,  but  is  probably  affected  to  some  degree  by  the 
low  frequency  (3  to  5  cycles  per  second)  model  vibration  The  level  of 
model  vibration  was  apparently  not  affected  by  the  proximity  of  the 
ground  and  any  error  due  to  this  phenomenon  was  also  present  in  the 
previous  out  of  ground  effect  tests  in  the  tunnel. 

The  problem  of  exit  louver  repeatability  had  an  adverse  effect  on 
accuracy.  Six  segments  of  the  24  fan  exit  louvers  on  the 
cold  side  of  the  fan  had  a  tendency  to  loosen,^  especially  during  the 
later  runs.  In  the  worst  case  this  problem  is  estimated  to  have  been 
an  average  of  2“  less  effective  turning  than  indicated.  At  an  exit 
louver  setting  0®  there  was  no  effect  on  the  lift  and  small  effect  on 
the  drag.  As  the  indicated  exit  louver  angle  is  increased  to  40°,  the 
maximum  error  in  fan  lift  was  possible  (the  rate  of  change  of  fan  lift 
with  p  at  angles  between  35°  and  40°  is  as  3  1/2%  per  degree). 
Horizontal  thrust  error  is  a  function  of  exit  louver  angle  and  V  and 
IS  more  difficult  to  estimate;  however,  it  is  considerably  less  than 
the  maximum  lift  error  in  absolute  values  (lbs.)  of  force. 

Because  of  these  conditions  the  data  are  not  as  accurate  or  as  repeatable 
as  obtained  during  the  previous  two  wind  tunnel  tests.  Point  for  point 
comparisons  between  two  tests  are  always  less  accurate  than  comparison  of 
average  results  and  should  be  avoided  with  the  data  from  this  report; 


The  indicated  exit  louver  angle  (measured  from  the  actuation  rod)  was 
greater  than  the  actual  physical  angle  of  these  louvers,  resulting  in 
more  lift  and  more  drag  than  would  be  normally  experienced. 
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however,  the  conclusions  arrived  at  by  comparing  the  average  fan  powered 
performance  characteristics  as  represented  by  curves  in  Appendix  B  are 
accurate  within  +  47o  in  lift  and  +  47=  or  +  150  lbs.  in  drag  whichever  is 
larger,  and  +  8%  or  1000  ft.  lbs.  in  pitching  moment  whichever  is  larger 

TUNNEL  CORRECTIONS  * 

Tunnel  wall  corrections  were  not  applied  to  either  the  powered  or  un- 
powered  runs.  (As  the  model  is  moved  closer  to  the  ground,  wall 
correction  becomes  less  significant.) 

Since  the  model  was  supported  by  relatively  un-streamlined  support 
struts,  strut  tare  corrections  were  applied  as  follows: 


H: 

Lgh 

Position 

) 

1.41 

h/d 

F 

A 

"l 

=1 

0 

010 

A 

S 

- 

0 

.117 

“  0 

0011  a 

A 

Si 

:r 

0 

079 

-  0 

.00117  a 

Low  Position, 

0 

.85  h/d^ 
F 

(Runs  14 

&  15) 

A 

^L 

0 

.025 

A 

s 

0 

.078 

-  0 

0007  a 

A 

s^ 

0 

.044 

-  0 

0007  O 

Low  Position, 

0 

.85  h 

(Runs  16 

to  20) 

A 

^L 

= 

0 

.020 

A 

= 

0 

.078 

-  0 

.0010  a 

A 

_ 

0 

.038 

-  0 

.0009  a 

a 


Provided  by  NASA. 


The  change  after  Run  15  was  made  to  allow  for  some  strut  modifications 
accomplished  between  Runs  15  and  16. 

All  of  the  corrections  are  applied  in  the  following  manner;  corrected 
quantity  =  uncorrected  quantity  minus  delta  quantity. 

Results  reported  in  Volumes  1  and  2  did  not  include  any  strut  tare.  Lift 

tare  for  the  high  struts  used  previously  was  insignificant.  The  drag 

and  moment  tares  were  estimated  to  be  A  =  0.02  and  AC  =  0.08.  To 

D  M 

enable  valid  comparisons  between  results  of  Volume  1  and  2  and  Volume  3, 
the  following  adjustments  were  made  to  the  data: 

1)  Volume  3  drag  results  shown  in  Appendix  B  are  increased  by 
A  Cjj  =  0.02  above  the  value  calculated  in  Appendix  A. 

2)  Moment  data  from  the  previous  tests  are  decreased  by  A  =  0.08 
when  shown  in  comparison  with  Volume  3  results  in  Figure  9  and 
Figure  27a  through  c. 

Standard  tunnel  q  measurements  were  increased  by  about  3  1/2%  to 
account  for  the  blockage  of  the  ground  plane  and  resulting  increase 
in  test  section  velocity.  All  results  are  based  on  this  corrected 
value.  The  Pitot -static  combination  angle  probe  mounted  in  the  test 
section  verified  this  correction. 

Flow  angularity  corrections  were  not  applied  because  the  combination 

probe  indicated  less  than  0.6°  flow  misalignment  at  1.41  and  0,85  h/d  , 

F 
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V.  ANALYSIS  OF  RESULTS 

A.  BASIC  AIRPLANE  PERFORMANCE  (FAN  OFF) 

Power-off -aircraft,  tail -on  and  tail -of^  polars  are  shovm  in  Figures  5 
to  8j  and  the  comparison  with  out -of -ground-effect  results  are  shown 
in  Figure  9 . 

Stability  -  Power  Off: 

The  static  longitudinal  stability,  SC  /SC  ,  with  power  off  was  un- 

M  Jj 

affected  by  ground  proximity  at  h/d  =0.85  (see  Figure  9).  Data 
for  1.41  h/dp  indicate  a  reduction  in  stability  at  high  angles 
of  attack.  This  was  inconsistent  with  expected  results  as  it  is 
normal  for  the  rate  of  change  of  tail  downv;ash  angle  with  angle 
of  attack  (de/da)  to  decrease  in  ground  effect  resulting  in  an 
increase  in  stability. 

Lift  -Power  Off; 

Normally  the  slope  of  the  lift  curve  is  increased  due  to  the 
ground  effect  (dC  /da  in  ground  effect  =  k  dC  /da  out  of  ground 

i-i  la 

effect  where  k  is  a  function  of  h^^^/b  and  aspect  ratio) .  For 

the  two  ground  heights  tested  h  ,, /b  was  0,35  and  0.27  and  the 

c/4 

corresponding  k  values  1.04  and  1.06  ,  This  change  is  not  apparent 
in  the  results;  see  Figure  9.  There  is,  however,  a  definite  in¬ 
crease  in  the  value  of  C  (’above  the  C  value  for  2.98  h/d  )  at  any 

L  L  F 

given  angle  of  attack  up  to  stall  (A  C,  «  0.15  and  0.25  at  h/d„  of 

L  r 

1.41  and  0.85  respectively). 

The  C  was  slightly  lower  in  ground  effect,  C  was 

L  max  L  max 

approximately  1.50,  1.41,  and  1.45  for  h/d  of  2.98,  1.41  and  0.85 

F 

(see  Figure  9).  No  significance  should  be  attached  to  the  Indicated 
mo.,  0,85  h/d  being  higher  than  for  1.41  h/d_ ;  additional  data 

Li  TuclSv  f  £* 


Reference  2,  p  4 ; 10 
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would  be  required  to  establish  the  absolute  values. 


Drag-Power  Off; 

Induced  drag  is  usually  reduced  in 
values  of  tested,  the  ratio 


ground  effect  and  for  the 
SC_  .  , 

— ^  (in  ground  effect) 

Sc, 


Sc 


(out  of  ground  effect) 


should  be  0.85  and  0.80  for  1.41  and  0.85  h/d^.^  The  actual  re¬ 
duction  in  Cjj^  is  considerably  more  (50-80%).  This  may  be  due 
to  tunnel  effects  and  to  the  strut  tare  corrections  being  large 
relative  to  the  airplane  drag  coefficients. 


Pitching  Moments  and  Tail  Downwash  -  Po«»r-  nf  f . 

Tail  downwash  was  higher  at  the  lower  b/d^,  values  (see  Table  III) 

TABLE  III  (POWER  OFF) 


TAIL  DOWNWASH  RESULTS  AS  A  FUNCTION  OF  GROUND  PROXIMITY 


h/dp 

Downwash  Angle 
ata=0°  at  0  =  8° 

(deg.)  (deg.) 

2.98 

* 

1 

1.41 

2 

6 

0.85 

3 

6 

•k 

estimated 

This  is  not  the  normal  trend  as  downwash  is  normally  expected  to 
be  reduced  significantly  in  the  plane  of  the  tail  while  in  ground 
effect.  Previous  test  experience  in  the  40  x  80  foot  tunnel  in- 


Reference  2,  p  2:66 
Reference  2,  p  9:44 


■' ' 

. 


JL 
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dicates  that  ground  effect  test  results  do  not  always  agree  with 
theory. 


For  this  configuration  the  proximity  to  the  ground  of  the  large 
fuselage  may  be  the  overriding  factor  affecting  downwash  results. 

B .  FAN  POWERED  AIRCRAFT  PERFORMAN CE 


Aircraft  Fower-On  Characteristics ; 

Tlie  power  “on ,  in -ground  “-effect  data  obtained  during  this  phase  of 
testing  are  showii  in  coefficient  form  (H^,  and  H^)  as  a  function 
of  and  3  in  Figures  10  to  22. 


In  general  there  are  two  dominant  factors  which  cause  the  ground 
effect  performance  to  be  different: 

The  fan  is  throttled  severly  at  low  3  settings  resulting  in 
completely  different  throttling  characteristics  as  a  function 
of  exit  louver  angle 

/  Basic  aircraft  characteristics  are  changed  due  to  modified 
circulation  patterns. 

The  first  factor  is  predominant  at  low  velocity  ratio  (low  tunnel 
speeds)  since  most  of  the  momentum  changes  in.  the  system  are 
direct  contributions  from  the  fan. 

The  second  factor  is  predominant  at  higher  velocity  ratios  (high 
tunnel  speeds) ,  for  the  following  reasons :  the  momentum  changes 
across  the  fan  become  a  lesser  part  of  the  total  system  changes, 
and  the  fan  tends  to  approach  the  out-of“ground“e^rfect  performance 
(Figures  23a  to  23c)  as  velocity  ratio  is  Increased. 
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There  was  a  third  factor  present  during  this  particular  test  which 
would  not  be  a  problem  in  a  flight  installation.  The  exit  louver 
linkage  system  developed  excessive  play  and  effectively  deflected 
the  fan  efflux  by  a  lesser  angle  than  indicated.  This  did  not 
apply  to  p  =  0°  data  but  resulted  in  higher  drag  and  lift  readings 
at  P  =  20°,  35°  and  40°  (see  Section  II  for  details) . 

The  above  factors  have  to  be  considered  when  comparing  aircraft 
characteristics  in  and  out  of  ground  effect.  The  following  com¬ 
parisons  are  based  on  the  tail  in  the  high  position,  6^  =  30° 
data  obtained  during  this  phase  of  testing  and  comparable  data  as 
reported  in  Volume  2. 

Lift  -  Power  On; 

Lift  variations  at  a  =  0°  as  a  function  of  h/d,,,  V„/V  .  and  p  are 
t_  •  •  F  P  Cxp 

shown  in  Figures  24a  to  24c  where  lift  is  presented  as  a  ratio  of 

lift  coefficient,  at  any  given  condition  to  the  lift  coefficient, 

\ooo,  P  =  0°,  Vp  =  0  and  at  h/d^  =  2,98.^  The  lift  deficiency 

at  low  velocity  ratio  and  p  =0°  and  20°  is  related  to  the  fan  flow 

deficiency  for  same  conditions  (see  Figure  23a  and  23b).  Increasing 

velocity  ratio  brings  the  lift  for  the  three  different  h/d  values 

p* 

and  P  =  0°  closer  together  since  the  fan  flow  deficiency  is  decreased 
with  velocity  ratio  and  the  positive  ground  effect  on  the  wing  is 
sufficient  to  offset  it.  At  P  =  20°  the  flow  deficiency  is  less  and 
as  velocity  ratio  increases  the  positive  ground  effect  becomes  the 
predominant  factor  and  the  result  is  an  increase  in  lift.  At  p  =  35°, 
at  the  lowest  velocity  ratios  tested,  flow  and  lift  are  essentially 
the  same  for  2.98  and  0.85  h/d^,.  This  does  not  mean  that  the  fan 
operation  was  identical,  actually  the  fan  was  throttled  somewhat  at 
h/dp  =0.85  but  the  exit  louver  looseness  offset  this  effect.  At 


Comparisons  are  made  using  data  obtained  at  si  1700  rpm  where  H 
0.311.  h/dj,  =  2.98  is  taken  as  equivalent  to  zero  ground  effec^’P 
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higher  velocity  ratios  and  3  =  35°  the  lift  in  ground  effect  was 
higher  than  could  be  attributed  to  2°  3  error  and  indicates  a 
positive  ground  effect. 


The  preceeding  discussion  was  limited  to  lift  values  with  a  =  0°, 

The  maximum  lift  ratio  values  obtained  where  A  C  /Aa  =  0  are 

L 

shown  in  Figures  25a  to  25c  and  have  similar  characteristics  to 
those  in  Figures  24a  to  24c  indicating  that  the  ground  effect 
phenomena  are  not  a  function  of  angle  of  attack. 


Drag  -  Power  On ; 

Drag  ratios  as  a  function  of  3,  V„/V^ .  and  h/d^  at  a  =0°  are 

Jr  tip  F 

shown  in  Figures  26a  to  26c.  All  the  drag  values  are  presented 

as  a  ratio  of  the  drag  coefficient,  at  any  condition  to  the 

drag  coefficient,  at  3  =  0°,  Vp/V^^^  =  0.20  and  h/d^  =  2,98 

^^D  ref  ~  0 • 178) ,  positive  values  of  the  ratio  indicate  drag  and 

negative  values  thrust.  This  reference  point  was  arbitrarily  chosen 

for  convenience.  The  drag  ratio  at  3  =0°  behaves  similarily  to 

the  flow  ratio.  This  is  as  expected  since  at  3  =0°  there  is  a 

negligible  amount  of  thrust  from  the  fan  and  decreasing  fan  flow 

causes  a  proportional  decrease  in  ram  drag.  At  3  =20°  and  35° 

drag  increases  (thrust  decreases)  as  the  h/d_  value  is  reduced. 

F 

This  is  caused  by  the  lower  fan  flow  (less  net  thrust)  and  the 
lower  flow  turning  angle  due  to  exit  louver  looseness. 


Pitching  Moments  -  Power  Onr 

Pitching  moments  ratios  as  a  function  of  3,  V  /V  and  h/d  are 
1.  .  .  1"  tip  F 

shown  in  Figures  27a  to  27c.  All  of  the  moment  values  are  pre¬ 
sented  as  a  ratio  of  pitching  moment  coefficient,  at  any  con 

d  it  ion  to  the  moment  coefficient, 
and  h/dp  =  2.98  (H^  =0.041) 

arbitrarily  chosen  for  convenience.^  Pitching  moments  in  ground 
effect  are  generally  lower  at  low  Vp/V^^^  due  to  fan  flow  reduction 


at  3 


ref* 

This  reference  point  was 
a 


V„/V  ^  =0.20 

P  tip 


H 


^"<1  ^  ^P^^tip  ~  ®  zero  for  3=0' 
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Some  understanding  is  gained  from  fuselage  static  pressure  data, 
Figure  28a  to  28h,  which  show  a  definite  decrease  in  pitch  up 
moment  (actually  becoming  a  pitch  down  moment)  contribution  from 
the  underside  of  the  fuselage  at  0.074  Vp/V^.^.  For  example,  in 
Figure  28a  the  pressure  coefficient  aft  of  the  fan  produces  no 
pitch  up  moment  contribution  at  h/dp  =  0,85  while  the  pressure 
coefficient  forward  of  the  fan  becomes  more  negative  causing  a 
pitch  down  moment. 

At  high  velocity  ratios  another  phenomenon  takes  over  causing  a 
pitching  moment  increase  in  ground  effect,  especially  at 
h/dp  =  1.41,  Fuselage  underside  static  pressure  data  does  not 
show  this  appreciable  increase  in  pitch  up  moments;  change  in 
tail  downwash  in  and  out  of  ground  effect  is  the  predominant  cause 
At  a  =0°,  6^  =  30“,  Vp/V^^p  =0.25  the  downwash,  obtained  from  com¬ 
parison  of  tail  on  witu  tail  off  data,  is  as  shown  in  Table  TV. 

TABLE  IV  (POWER  ON) 

TAIL  DOWNWASH  ANGLE  AS  A  FUNCTION  OF  GROUND  PROXIMITY 


Downwash  Angle 


h/d„ 

r 

at  8  =  0“ 
(deg.) 

at  8  =35“ 
(deg.) 

2.98 

2.5 

0 

1.41 

5.0 

4.5 

0.85 

3.0 

3.5 

Using  the  results  at  8  =  35“  and  0.25  Vp/V^.^  from  Figure  26c,  the 
\  at  2.98  h/dp  is  1.67  (H^  =  1.67  (0.041)  =  0.068.  At  h/dp 

of  1.41,  =  2.36  (H^  =  2.36  (0.041)  =  0.097.  The  differeLe 
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units  gives: 


i®  A  -  0.029  and  converting^  to  C, 


'M 


A  C. 


M 


0.4274  (0.029^ 


0.198 


This  is  equivalent  to  6,0°  tall  downwash  change  while  4.5® 
were  measured  by  an  independent  method  of  comparing  tail  on  and 
tail  off  data.  Exact  comparison  is  difficult  since  the  fan  flow 
and  exit  louver  turning  angle  are  not  identical  and  the  pitching 
moment  data  are  subject  to  scatter,  however,  it  can  be  concluded 
that  the  pitching  moment  reduction  in  ground  effect  st  low  velocity 
ratio  is  mainly  due  to  fan  flow  reduction  and  a  re-distribution 
of  static  pressures  on  the  fuselage  underside,  while,  at  high 

velocity  ratios  the  increase  is  due  to  increase  in  tail  downwash 
angle. 


Pitch  Trim  Requirements  During  Transition  -  Power  On r 
Maximum  pitch  trim  requirements  for  this  configuration  will  have 
to  be  based  on  the  out  of  ground  effect  results.  The  maximum  trim 
requirement  out  of  ground  effect  occurs  at  less  than  50  knots 
'■^P'^^tip  0-117  at  Np  =  100%) The  pitching  moments  in  ground 

effect  are  lower  at  velocity  ratios  below  0  .U7,  and  pitch  control 
sufficient  for  trimming  out  of  ground  effect  will  be  sufficient 
for  in  ground  effect  trim.  There  will  be  some  longitudinal  trim 
change  when  entering  the  ground  effect,  the  magnitude  and  direction 
depending  on  flight  speed  (velocity  ratio).  It  is  possible  that  by 
changing  the  center  of  gravity  to  fan  center  location,  a  condition 
could  exist  where  the  in-ground-e f feet  pitch  trim  requirements 
would  be  larger,-  each  configuration  considered  should  be  evaluated 
to  determine  the  trim  requirements  accurately 


Volume  2,  Table  7 
Volume  2,  Appendix  B 
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Static  LonRltudinal  Stability  and  Tail  Downwash  -  Power  On: 

Tail  downwash  results  as  a  function  of  a,  3  and  V„/V  .  are  shown 

r  tip 

in  Figure  29a  to  29f.  The  results  were  obtained  by  comparison  of 
pitching  moment  data  with  the  tail  on  (Figure  30a  to  30h)  and  off 
(Figure  31a  to  31f)  and  the  previously  determined  relationship  of 
A  versus  i^.  The  moment  data  are  susceptible  to  error  and  non¬ 
repeatability  and  a  variation  of  +  2®  in  the  downwash  data  is 
possible,  however,  the  data  show  a  trend  toward  a  higher  downwash 
as  the  height  above  ground  is  decreased;  compare  Figure  41,  Volume  2 
with  Figure  29a  and  29c.  The  same  trend  of  increased  downwash  with 
decreased  h/d^  was  observed  for  the  power  off  operation. 


Longitudinal  static  stability  margin  increased  at  lower  ground 
heights  as  shown  in  Figure  32a  and  32b.  This  is  caused  mainly  by 
the  reduction  in  the  de-stabilizlng  moment  attributed  to  the  fuselage, 
(tail  off  moment  data  are  shown  in  Figure  31a  to  31f) .  Power  on 
stability  with  3=0°  was  considerably  higher  chan  the  comparable 
power  off  value.  At  higher  3  settings  the  2.98  and  1.41  h/d 

F 

stability  was  reduced  while  0.85  h/d^  stability  increased  above  the 
power  off  value.  The  stability  results  are  obtained  from  the  average 
value  of  A  C  /A  between  a  =  -4°  and  +10°  (for  h/d„  =0.85  the 
lower  limit  was  restricted  to  a  =  0°).  The  stability  values  were 
very  sensitive  to  the  range  of  o  over  which  the  value  of  A 
was  obtained  because  there  was  considerable  scatter  in  the  data. 


Short  Take-off  Performance; 

Short  take-off  performance  is  essentially  as  reported  in  Volume  2. 

Additional  lift  was  found  to  be  available  in  the  velocity  ratio  and 

exit  louver  ranges  where  rotation  is  initiated  (V_/V  ,  from  0.10  to 

F  tip 

0.14  and  P  =  35°,  see  Figures  24c  and  25c).  This  would  allow  a  choice 
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of  either: 


1. 


I 


I 

1 


1.  Highei  initial  rate  of  rotation  and  a  shorter 
horizontal  distance  for  rotation  (X^)  - 

2.  Lower  air  speed  at  completion  of  ground  run,  and  a 
shorter  ground  run  distance  (X^^)  , 

The  higher  lift  advantage,  however,  is  offset  by  the  lower  thrust 
available  in  ground  effect  (see  Figures  26b  to  26c) .  This  result 
supports  the  conclusion  that  part  of  the  lift  increase  can  be  ex¬ 
plained  by  the  exit  louver  looseness  resulting  in  higher  lift  readings 
at  high  Indicated  exit  louver  angles.  Further,  the  higher  lift  is 
applicable  only  during  the  relatively  short  time  when  aircraft  is 
close  to  the  ground. 


Using  the  ground  effect  data  the  improvement  in  take-off  distance 
would  be  at  most  50  feet  relative  to  the  results  in  Volume  2.  The 
results  in  Volume  2  should  be  used  since  a  change  would  be  based  on 
data  with  lower  accuracy.  In  order  to  further  refine  the  STOL 
analysis  for  optimum  flight  path  and  techniques,  it  would  be 
necessary  to  have  an  understanding  of  the  aircraft  control  response 
and  also  a  suitable  computer  program  to  handle  extensive  trial 
solutions . 


C.  FAN  AERODYNAMIC  PERFORMANCE 


Fan  Flow  and  Pressure  Coefficient: 

The  fan  flow  coefficient  ratio  is  plotted  as  a  function  of  velocity 
ratio  for  the  three  heights  (see  Figures  23a  to  23c),  and  three 
exit  louver  settings  (^qqq  is  defined  as  the  flow  coefficient  at 
Vp  =  0,  p  ==  0°,  and  h/d^  =  2.98). 


23 


Flow  was  reduced  at  fj  =0®  and  low  velocity  ratio  because  of 

proximity  of  the  ground  by  a  maximum  of  27%  at  0.85  h/d  and 

F 

0.05  At  higher  velocity  ratios,  the  flow  increased 

slightly  above  the  h/d  =  2.98  value  for  the  h/d  =  1.41  case. 

^  F 

This  may  be  caused  by  data  scatter  or  a  static  pressure  de¬ 
pression  at  the  fan  exit.  The  8  =  20®  data  are  similar  to 
8=0°  results,  however,  the  flow  was  not  affected  as  much  by 
ground  proximity.  The  8  =  35®  flow  in  ground  effect  was  actually 
higher  throughout  which  is  again  most  likely  8  inaccuracy  caused 
by  the  excessive  tolerance  in  the  exit  louver  system  (at  35®  8, 
a  change  of  1®  8  causes  a  change  of  2%  in  flow  coefficient) . 

It  is  significant  that  the  flow  coefficient  at  =  0.075 

P  tip 

for  h/dp  =0.85  is  slightly  larger  for  8  =  35®  than  for  8  =0®, 

This  Indicates  that  the  ground  presence  is  a  more  severe  throttling 
influence  than  35®  of  exit  louver  turning. 

In  addition  to  flow  changes  the  pressure  coefficient  exhibited  a 
trend  not  noted  during  static  throttling  at  Evendale  (see  Figure  33a 
to  33f) .  The  overall  picture  shows  that  during  throttling  with  the 
®xit  louvers  or  the  throttle  plate  the  hub  performance  indicated  by 
the  pressure  coefficient  (Y^^  deteriorated  only  slightly;  however, 
when  throttling  with  the  ground,  the  hub  is  essentially  stalled  at 
h/dp  =0.85  and  low  velocity  ratios,  but  the  tip  performance  is 
slightly  improved.  This  difference  can  be  explained  by  examining 
the  geometry  of  the  two  cases.  Figure  34  shows  probable  flow  con¬ 
ditions  at  the  fan  discharge  for  the  configurations  tested.  The 
static  build-up  at  the  center  of  the  fan  in  the  vicinity  of  the 
hub  (resulting  from  stagnation  and  the  pressure  gradient  required 
to  turn  the  flow)  causes  the  hub  region  to  stall,  or  nearly  so.  At 
0.05  Vp/V^^p  and  8=0°  two  points  at  approximately  the  same  fan 
speed  and  total  lift  were  taken  consecutively;  while  both  of  them 
indicated  the  same  flow  coefficient  the  pressure  coefficient  for  one 
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point  was  33%  higher  and  the  resulting  calculated  lift  was 
different  by  10%  (see  Figure  38).  Either  exit  louver  vectoring 
or  high  crossflow  velocity  restore  original  out -of -ground-effect 
fan  performance.  It  has  been  pointed  out  that  at  low  velocity 
ratios  and  low  ground  height,  the  flow  coefficients  are  within 
3%  for  P  =  0°  and  35°;  however,  the  pressure  coefficient  profile 
is  quite  different  for  the  respective  louver  position.  (Compare 
Figure  33d  with  33f), 

The  very  rapid  decrease  in  flow  coefficient,  and  lift  at  P  =  0°, 

between  V  /V  .  0  075  and  0.050  is  an  indication  of  fan  stall 

F  tip 

(Figures  23a  and  38).  Some  additional  indications  of  stall  were 
Che  high  stator  stresses  and  the  large  variation  in  rotor  dis¬ 
charge  pressure  coefficient  recorded  under  these  conditions, 

(Fan  speed  variation  observed  under  the  same  conditions  of 
Vp/V^^p  and  p  is  not  by  itself  an  indication  of  discontinuous 
fan  performance  as  the  engine  reingestion  present  could  account 
for  it.) 

Scale  Model  Ground  Effect  Test : 

In  order  to  investigate  ground  effects  further,  a  low  speed 
26  inch  scale  model  fan  was  tested  in  the  presence  of  a  ground  plane 
at  h/dp  =0  81.  The  flow  decrease  and  pressure  coefficient  dis¬ 
tribution  in  ground  effect  were  similar  to  results  obtained  with 
full  scale  hardware  at  Ames,  but  the  magnitude  of  change  was  not  as 
pronounced.  The  flow  reduction  was  13%  at  h/d  =  0.81  as  compared 
with  27?o  for  the  full  scale  fan  tested  at  the  slightly  higher  h/d 

F 

value  of  0.85.  The  pressure  coefficient  distribution  is  shown  in 

Figures  35a  and  35b  for  P  =  0°  and  h/d„  and  0.81  cases.  For 

r 

comparison  see  full  scale  results,  Figures  33a  and  33d. 

A  scale  model  test  with  a  shallow  inlet  (wing  installation)  was 
conducted  for  comparison.  The  loss  in  flow  was  10, 57=  and  the  pressur 
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coefficient  profiles  were  affected  less  by  the  ground  proximity 
than  in  the  fuselage  installation  (see  Figures  35c  and  35d) .  The 
explanation  for  this  difference  is  as  follows.  In  the  fan-in- 
fuselage  configuration  air  accelerates  over  the  bulletnose  causing 
a  low  hub  static  pressure.  The  additional  hub  back  pressure  from 
the  ground  proximity  causes  the  hub  to  stall  in  the  full  scale  fan. 

In  the  scale  model  there  was  no  evidence  of  stall  but  the  perfor¬ 
mance  was  significantly  reduced  at  the  hub.  On  the  other  hand,  the 
level  of  hub  inlet  static  pressure  was  measured  to  be  higher  in  the 
full  scale  wing  installation^  than  in  the  fuselage  installation, 

(a  result  also  predicted  by  flux  plots).  This  reduces  the  hub 
static  pressure  ratio  the  rotor  must  pump  against  and  correspondingly 

in  proximity  of  the  ground,  the  scale  model  fan-in-wing  showed  less 
flow  reduction. 

The  large  difference  in  performance  between  the  full  scale  and  scale 
model  hardware  in  ground  effect  could  be  the  result  of; 


1.  Better  internal  aerodynamics  of  the  scale  model  fan  because 
of  cleaner  blades,  buioother  bulletnose  and  bellmouth  surfaces 
and  closer  clearances. 

2.  Differences  in  the  "effective"  h/d^  values  between  scale 
model  and  full  scale  tests.  (For  example,  because  of  the 
J85  engine  position) . 

3.  Scale  model  results,  for  the  fan-in-fuselage  configuration,  are 
based  on  internal  measurements,  not  thrust  readings. 

In  any  event  the  scale  model  data  show  the  correct  trends,  although, 
they  are  not  representative  enough  to  predict  the  magnitude  of  ground 
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effects  on  full  scale  hardware. 


Fan  Power  Absorption  In  Ground  Effect : 

Fan  power  absorption  in  ground  effect  was  of  interest,  however  most 
of  the  data  in  ground  effect  were  obtained  at  ^  1700  rpm,  and 
all  of  the  data  that  exhibited  lift  deterioration  were  obtained 
with  engine  reingestion  also  present.  The  resulting  randomly 
varying  engine  discharge  conditions  prevented  a  reasonable  power 
estimate.  Scale  model  data  obtained  at  Evendale  show  that  power 
absorption  at  constant  fan  speed  drops  in  ground  effect. 

If  fan  speed  is  allowed  to  increase  without  restriction,  then 
some  of  the  lift  lost  because  of  ground  effect  can  be  recovered. 

This  implies  a  nearly  constant  fan  efficiency  independent  of  fan 
^^^^^hling.  As  noted  before  the  model  data  did  not  show  the 
severe  throttling  at  the  hub  which  was  evidenced  on  the  full  scale 
vehicle  at  0.85  h/d^,  g  =  0°  and  low  velocity  ratios.  Because  of 
this  the  model  results  in  ground  effect  are  optimistic.  Table  V 
shows  the  model  results  as  a  function  of  h/d^  for  two  configurations 
tested,  and  some  full  scale  data  for  comparison.  The  discrepancy 
between  the  load  cell,  and  the  calculated  thrust  values  for  the  fan- 
in-wing  configuration  (Table  V)  could  be  caused  by  some  underside 
wing  suction  not  accounted  for  in  the  thrust  calculations. 

Fan  Thrust: 

Fan  thrust  level  and  variations  in  thrust  can  be  represented  by  the 

non-dimensional  coefficients  $  and  'i .  Essentially  $  is  proportional 

to  weight  flow  while  Y  is  proportional  to  jet  velocity  squared.  The 

general  thrust  equation  isF=pAC(V  )+A  CP  -P  ^ 

11  .  ^  s  jet  amb^  ’ 

For  all  previous  X353-5  testing  the  second  term  (plug  thrust)  was 

assumed  to  be  so  small  to  be  negligible,  as  the  discharge  static 
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TABLE  V 

MODEL  AND  FULL  SCALE  THRUST  RATIO  CCMPARISON  O  =  0°) 


Constant  Fan 
Thrust  Ratio, 

Speed 

- 

Constant  Power 
Thrust  Ratio,  F/F 

h/dp  = 

1.41  1.25 

1.00 

0.85 

0,81 

1.41  1.25  1 

00  0.85 

0.81 

Fuselage 
(Scale  Model) 

- 

- 

- 

0.88 

r- 

0.94 

Fuselage 
(Full  Scale) 

0 . 94* 

- 

0.67* 

- 

- 

- 

Wing 

(Scale  Model) 

0.97 

0,96 

- 

0.92 

1.0  1 

0 

0.97 

Wing 

(Scale  Model) 

0.97*  0.94* 

0.91* 

0.  90* 

0.89* 

*Load  Cell  Measurements 


pressure  was  nearly  equal  to  ambient  pressure,  and  the  fan  thrust 
was  equal  to  the  momentum  thrust  term.  The  fan  flow  reduction  ex¬ 
perienced  during  the  ground  effect  testing  is  caused  by  the  increase 

of  back  pressure  (P  .  )  and  the  plug  thrust  therefore  becomes 

S  J  C  t 

significant.  Using  non-dimensional  coefficients,  a  general  expression 
for  fan  thrust  under  any  condition  is  arrived  at: 


F  = 


P  A  C„  V.  ^ 
Z  jet 


+  A . 
jet 


(P 


s  jet 


s  arab 


For  this  Fan 
A  =  A 


.  and  dividing  by  p  A  (V  .  )  gives, 
jet  ^  j  o 


F/P  A  (V  .  =  C  /V^.  V.  /V  +  P 

tip  Z  tip  jet'  tip 


s  jet  amb 

T1v~7T 

tip 


I 


28 


By  definition,  C„/V  .  =  $ 

u  t  xp 

and  for  incompressible  flow. 


=  P  .  -  P 

t  t  let  amb 


S'  .  =  P  -  P 

s  jet  s  jet  amb 


2  (f  .  .  -  P  V 
s  jet  amb 
- - n3 - 


By  definition,  P  .  -  P 

t  jet  s  j'et 

dividing  by  1/2  p  gives. 


P/2  (V. 

jet 


V. 


et  =  t  jet  s  jet 


tiP/ 


P  -  P 

t  let _ amb 

■'>«  (''tip)" 


s  jet 


“amb 


P/2  (V^.pF 


y  .  -  y 

t  jet  s  jet 


In  terms  of  the  thrust  coefficient. 


F/p  A  (V^.p)"  ^  ^  ^  ^ 


jet  s  jet 


+  y 


s  jet 


For  incompressible  flow,  C  =  V 

Z  jet 


y,  .  ,  -  y  . 

t  jet  s  jet 

y^  .  “  y  . 

t  jet  s  jet 


V.  N^. 
jet  tip 


C„/V^. 

Z  tip 


=  $ 


and. 


H  =  $-  +  '!' 

T  t  jet 


t  jet 


where  #  Is  and  la 
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Using  this  expression  and  the  fan- in- fuselage  throttling  charac¬ 
teristics  obtained  during  Evendale  static  tests^,  Figure  36  is  ob¬ 
tained.  Two  solutions  are  used;  one  used  the  measured  (stator 
discharge),  the  other  the  measured  ^  (rotor  discharge)  and 

assumes  a  constant  stator  loss  coefficient  (f  =  0  85  ¥  Thf. 

11  lO.e'^  ■ 

absolute  value  of  obtained  either  way  is  not  the  same  as  obtained 
from  force  measurements  since  they  do  not  include  the  exit  louver 
losses,  discharge  effective  area  reduction,  nozzle  losses,  effects 
of  compressibility  nor  the  turbine  flow  contribution  to  thrust. 

The  relative  thrust  decrease  as  a  function  of  flow  coefficient  de¬ 
crease  due  to  throttling  shown  in  Figure  37  is  a  more  accurate  re¬ 
presentation  since  the  effects  described  above  tend  to  cancel  out 
in  a  comparison.  Using  the  relationships  in  Figure  37  and  the  flow 
coefficient  characteristics  measured  in  the  wind  tunnel  in  ground 
effect,  the  thrust  (lift)  loss  can  be  estimated.  This  together  with 
actual  measured  lift  loss  is  shown  in  Figure  38  for  the  8=0®, 
h/dp  =0.85  configuration.  The  explanation  for  the  discrepancy  be¬ 
tween  measured  and  calculated  results  cannot  be  definitely  given 
without  a  more  complete  knowledge  of  fan  internal  characteristics 
when  in  ground  effect  (to  include  stator  exit  pressure  measurements) 
together  with  a  more  complete  static  pressure  survey  of  the  aircraft. 

Possible  Sources  of  Discrepancy  between  Measured  and  Calculated 
Lift  Loss : 

Any  one  or  all  of  the  following  conditions  could  contribute  to  the 
discrepancy  between  measured  and  calculated  results: 

1.  The  fan  throttling  characteristics  Y  vs .  #  are  different  in 
ground  effect  from  results  obtained  at  Evendale  using  the  exit 
throttling  system:  The  pressure  coefficient,  was  lower 

in  the  hub  region  for  the  ground  effect  case.  The  average  value 
^10.6  at  Ames  at  0.85  h/d^,  however,  did  not  show 
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any  significant  difference  from  the  Evendale  annular  thrott¬ 
ling  plate  results  except  at  0.05  velocity  ratio.  There  are 
also  considerable  data  obtained  during  scale  model  testing  in 
Evendale  which  show  the  same  characteristics. 

2.  There  was  hub  stall  at  Ames  when  in  ground  effect:  the  stall 
evidence  consisted  of  the  very  low  and  variable  rotor  dis- 
charge  pressure  near  the  hub.  No  direct  indication  of  fan 
stall  is  available  as  the  engine  reingestion  problem  was  pre¬ 
sent  at  the  same  time  and  the  variations  in  fan  speed  arid 
thrust  can  be  attributed  to  that  phenomenon  without  actually 
having  had  a  stall  problem.  When  stall  is  present  the  normal 
flow  and  pressure  characteristics  are  discontinuous  and  pres¬ 
sure  data  obtained  are  que.stionable. 

3.  Indicated  flow  measurements  are  higher  than  actual:  the  flow 
coefficient,  #,  is  obtained  from  eight  wall  static  measurements 
approximately  half  way  up  in  the  deep  inlet.  If  the  low  flow 
condition  in  the  hub  area,  as  evidenced  by  the  low  pressure  co¬ 
efficient  measured  at  the  fan  rotor  discharge,  was  reflected  up 
stream,  then  the  wall  statics  will  indicate  flow  measurements 
higher  than  actual  (a  qualitative  model  is  sketched  below}  : 
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The  magnitude  of  this  error  is  small  as  the  pressure  measure¬ 
ment  station  is  rs  dp/2  above  the  rotor  face  and  the  pressure 
disturbance  should  be  small  that  far  up  stream. 


4.  There  is  a  more  negative  static  pressure  level  on  the  under¬ 
side  of  fuselage  for  the  low  h/d^  cases:  within  the  limits  of 
the  sparse  instrumentation  this  is  not  suspected.  If  anything, 
a  less  negative  static  pressure  level  on  the  underside  of  the 
fuselage  is  indicated  for  the  lower  h/d^  values.  See  Figure  28a 
to  28h. 


5.  Some  of  the  lift  loss  is  due  to  a  change  in  pressure  distri¬ 
bution  on  the  wings:  at  a  velocity  ratio  of  0.075  with  0=0° 
the  total  wing  lift  is  about  9%  of  the  total  measured  lift 
(C^  power  off  at  a  =  0»  is  0.4  and  interaction  lift  measured 
previously  is  0.2).  If  all  the  interaction  lift  were  lost  in 
ground  effect  it  would  account  for  37.  of  the  lift  discrepancy. 
If  all  the  wing  lift  including  interaction  lift  were  lost,  this 
together  with  the  measured  fan  flow  reduction  would  account  for 
807.  of  the  lift  loss  measured  at  0.075  V  /V  and  8=0® 

There  were  no  static  pressure  measurement  on  the  wings  during 
this  phase  of  test  and  no  conclusive  proof  can  be  offered.  It 
may  be  possible  that  some  lift  loss  was  present  (like  the  dis¬ 
appearance  of  interaction  lift),  however,  it  is  very  unlikely 
that  all  wing  lift  was  lost  at  low  velocity  ratios. 


6.  The  fan  efflux  flow  was  not  axial:  in  scale  model  tests  at 
0.81  h/dp,  flow  angles  of  15°  from  axial  were  measured  in  the 
fan  discharge.  This  would  decrease  the  vertical  momentum  by 
the  cosine  of  the  angle  or  3.47,.  The  angles  were  measured  at 
a  distance  of  3  inches  below  the  stator  discharge  (h/d  =  0.12); 
the  angle  leaving  the  stators  is  necessarily  less  than  15°, 
therefore,  this  effect  is  probably  very  small. 
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7.  The  assumption  that  the  combined  effect  of  exit  louver  losses, 
effective  area  changes  and  turbine  to  fan  thrust  ratio  changes 
is  the  same  in  and  out  of  ground  effect  is  invalid:  this  may 
be  true  to  some  extent,  however,  none  of  these  can  be  identified 
and  evaluated  separately. 

In  summary,  it  is  apparent  that  the  internal  fan  performance 
characteristics  do  not  fully  account  for  the  change  in  measured 
lift  in  ground  effect.  It  is  believed  that  the  two  reasons  for 
this  are  the  lack  of  stage  performance  measurement  (all  fan 

performance  estimates  in  ground  effect  are  based  on  rotor  discharge 
conditions  and  stator  losses  obtained  under  considerably  different 
operating  conditions)  and  a  rotor  stall  condition  with  the  inherent 
fluctuation  of  fan  speed  and  internal  pressures. 

Engine  Hot  Air  Reingestion  and  Ground  Temperature: 

Aircraft  geometry  is  shown  in  Figures  2,  4  and  39,  It  can  be  seen 

that  the  engine  is  located  at  a  very  unfavorable  position  as  far  as 

hot  air  reingestion  is  concerned.  The  levels  of  reingestion  are 

shown  in  Figure  40a  to  43  for  1.41  and  0.85  h/d^.  At  the  lower 

height  the  engine  was  shielded  (see  Figure  4)  and  the  results  are 

not  directly  comparable  with  the  1.41  h/d  results. 

F 

The  maximum  engine  inlet  temperature  rise  above  ambient  was  65°F 
and  45  F  at  h/d^  of  0.85  and  1,41  and  occurred  at  low  velocity 
ratios  and  8=0°.  All  of  the  relngestion  data  were  obtained  at 
1700  rpm  on  the  fan  and  rs  950  °F  EGT.  Assuming  a  constant  value 

'*’lnlet  ~  ^amb  maximum  inlet  temperature  rise  is  equivalent 

EGT  -  T 

amb 

to  93°F  and  64°F  respectively  at  1250 °F  EGT  corresponding  to  J85~5 
military  rating. 
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In  general  the  following  reduced  reingestion: 


-  increasing  crossflow  velocity 

-  increasing  exit  louver  angle 

-  increasing  angle  of  attack  (for  low  exit  louver  position 
only) . 

The  first  two  phenomena  are  obvious;  the  last  was  caused  by  angle 
of  attack  increases  raising  the  engine  inlet  higher  above  the 
ground  and  removing  it  from  the  hottest  part  of  the  flow.  However, 
at  high  louver  positions,  angle  of  attack  increases,  which  Increase 
the  fan  slipstream  angle  relative  to  the  ground,  caused  reingestion 
to  be  more  severe  or,  at  best,  unchanged. 

The  problems  due  to  reingestion  are  twofold: 

1.  Loss  in  engine  power  and  its  effect  on  fan  lift  (Figure  44). 

2.  Unsteady  fan  speed  making  hover  control  difficult  (fan 
speed  variations  were  of  the  order  of  +  40  rpm  at  1700  rpm 
and  constant  engine  throttle  setting  during  the  readings 
with  severe  reingestion.  This  is  equivalent  to  over  +  5% 
in  lift  variation) . 

It  is  significant  that  no  fan  inlet  reingestion  was  present  even  at 
the  low  ground  height. 

Temperature  measurements  were  taken  on  the  ground  underneath  the 
with  a  few  thermocouples  supplemented  by  many  maximum 
reading  thermometers.  The  thermocouple  layout  is  shown  in  Figure  45 
and  results  are  shoTO  in  Figures  46a  to  46e.  The  ground  area 
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affected  by  hot  gas  flow  extends  over  a  considerable  distance 
ahead  and  to  the  side  of  the  fan. 

No  hot  spots  were  found  on  the  floor;  maximum  temperatures  noted 
at  1700  rpra  and  950 “F  EGT  were  around  160 °F  above  ambient.  This 
is  equivalent  to  fn  215 “F  above  ambient  when  extrapolated  to  1250 “F 
EGT  using  the  parameter  T^  -  T^^^  =  constant.  Temperature 


above  the  ground  directly  in  the  turbine  slipstream  was  not  measured, 
but  thermocouples  plugs  located  near  the  engine  and  rated  at  600 °F 
were  charred,  more  data  on  this  aspect  of  the  environment  is  antici~ 
pated  from  the  forthcoming  fan-in-wing  wind  tunnel  program 

The  conclusions  that  can  be  drawn  from  reingestion  results  are* 

1  Engine  inlets  should  be  carefully  located  to  prevent  hot 
gas  reingestion  not  only  to  minimize  lift  loss  but  also 
to  prevent  random  lift  variations  and  engine  stall. 

2.  Ground  surface  temperatures  will  be  moderate  but  objects 
above  the  ground  (tires)  and  in  the  turbine  slipstream 
may  require  shielding. 

D.  FAN  MECHANICAL  PERFORMANCE 

Exit  Louver  Closure  Transient: 

Exit  louvers  were  closed  to  65°  at  1300  rpm,  At  this  condition 
the  fan  was  shut  down  and  the  louvers  closed  all  the  way.  It  is 
estimated  that  the  fan  passed  through  900  rpm  with  the  louvers 
closed  completely.  There  were  no  mechanical  problems  encountered 
during  louver  closure. 
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Rotor  Vibratory  Stresses: 

In  the  1750  rpm  speed  region  where  the  majority  of  the  ground 
effect  testing  was  performed,  there  was  little  change  in  rotor 
•  vibratory  stresses.  At  speeds  over  2200  rpm  and  where  the  fan 

was  throttled  as  a  result  of  the  h/d^  =0.85  ground  height,  the 
rotor  blade  vibratory  stresses,  primarily  the  cosine  20  mode, 

effected.  Since  the  fan  throttling  and  hub  stall  were  re™ 
duced  by  either  closing  the  exit  louvers  or  increasing  the  tunnel 
velocity,  the  rotor  stresses  correspondingly  decreased;  this 
effect  is  shown  in  Figure  47.  Increasing  the  tunnel  velocity  to 
40  knots  or  closing  the  exit  louvers  to  20“  reduced  the  blade 
stress  to  the  normal  levels  previously  measured  for  a  2.98  h/d 
ground  height.  The  1.41  h/d^  ground  height  produced  no  changes 
in  rotor  blade  stress  at  2250  rpm  as  shown  by  the  8=0°  point 
in  Figure  47. 

Ground  height  had  very  little  effect  on  the  blade  first  flexural 
mode  in  the  1850  rpm  speed  region.  1850  rpm  is  the  highest  speed 
at  which  the  first  flexural  mode  is  in  resonance  with  a  per 
revolution  type  of  excitation. 

A  more  complete  study  of  the  cosine  20  mode  stress  as  a  function 
of  crossflow  velocity,  exit  louver  angle,  and  acceleration  or  de¬ 
celeration  rates  was  made  during  this  series  of  Ames  tests.  This 
study  was  made  by  accelerating  the  fan  from  1200  to  2250  rpm  at 
several  different  rates  with  0°,  20°,  35°  and  40°  exit  louver 
angles  at  20,  40  and  60  knots  tunnel  velocity.  The  ground  height 
was  h/dp  =  0.85.  The  results  of  this  study  are  shown  in  Figures  48, 
49  and  50.  In  general,  the  faster  the  acceleration,  the  lower  the 
cosine  20  peak  stress,  however,  two  very  fast  accelerations,  over 
450  rpm/sec.®,  indicate  that  there  is  a  maximum  acceleration  rate 
above  which  the  stress  begins  to  increase.  For  decelerations,  the 
faster  the  deceleration,  the  higher  the  peak  stress.  This  de- 
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celeration  trend  is  not  the  same  as  the  one  found  in  Evendale 
a 

tests  with  the  fan-in-wing  configuration  where  the  peak  stress 
was  highest  for  an  average  deceleration  rate  of  240  rpm/sec.® 

(i.e.,  for  higher  or  lower  deceleration  rates  the  cosine  20  peak 
stress  was  lower) . 

The  cosine  20  stress  has  been  plotted  in  Figures  51  and  52  as  a 
function  of  tunnel  velocity  and  exit  louver  angle  for  instantaneous 
deceleration  rates  of  50  and  350  rpm/sec.®  Extrapolating  the 
350  rpm/sec.*  deceleration  rate,  3  =  40 “  data  to  120  knots  produces 
a  stress  of  22,000  psi,  S.A.  for  this  inlet  and  fan  configuration. 
Peak  cosine  20  stress  data  obtained  at  2.98  h/d^  in  previous  tests 
are  plotted  in  Figure  53;  these  stresses  are  higher  than  those 
found  during  the  ground  effect  test  for  approximately  the  same  de¬ 
celeration  rate.  The  lower  stresses  experienced  during  the  ground 
effect  tests  are  attributed  to  a  change  in  the  torque  band  design 
which  appears  to  have  more  damping  in  this  mode  of  vibration. 

The  effect  of  hub  stall  at  3  =  0 ”  and  low  tunnel  velocity  can  also 
be  seen  in  Figure  47.  At  20  knots  the  stress  is  higher  than  at 
60  knots.  With  no  ground  effect,  the  stress  increased  as  the 
tunnel  velocity  was  Increased,  as  can  be  seen  in  Figure  53. 

Torque  Band  Stresses: 

The  new  torque  band  design  performed  satisfactorily  during  this 
test.  No  cracks  nor  indications  of  imminent  failure  were  found 
in  the  torque  bands  after  the  completion  of  the  test. 

Mechanically  the  new  two  piece  seal  and  torque  band  behaved  as  ex¬ 
pected.  The  torque  band  temperatures  and  the  vibratory  stresses 
resulting  from  the  cosine  n0  modes  were  lower.  The  torque  band 
temperatures  were  reduced  by  170 °F  at  design  rpm.  The  seal 
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temperatures  were  nearly  as  high  as  before  but  in  the  new  design 
the  seal  does  not  carry  the  torque  transmitting  loads.  The  lower 
torque  band  temperatures.  Figure  54,  produces  two  beneficial 
effects.  The  steady  state  stresses  in  the  torque  band  are  lower 
which  then  permits  more  allowable  vibratory  stress,  and  the 
fatigue  strength  of  the  material  at  lower  temperature  is  higher 
which  also  permits  more  allowable  vibratory  stress. 

In  the  two  piece  design  the  torque  band  forward  and  aft  edges  are 
closer  to  the  bucket  carrier  assembly  making  the  torque  band  less 
sensitive  to  the  bending  stress  of  the  n0  modes  as  shown  in 
Figure  55. 

Stator  Vane  Stresses  as  a  Function  of  Fan  Height: 

The  throttling  of  the  fan  and  hub  stall  at  a  ground  height  of 
0.85  h/dp  and  for  low  tunnel  velocities  and  with  open  louvers 
produced  high  stator  vane  stresses  as  shown  in  Figure  56.  As 
the  louvers  were  closed  or  the  tunnel  velocity  was  increased, 
the  fan  moved  to  a  more  unthrottled  condition  and  the  stator  vane 
stresses  decreased. 

The  stress,  plotted  in  Figure  56  is  for  one  vane  which  appears  to 
be  in  resonance  with  the  36  rotor  blades  at  2320  rpm.  This 
resonance  is  the  torsional  mode  and  it  is  the  only  resonance  for 
this  vane  in  the  speed  range  above  1700  rpm  that  is  sensitive  to 
fan  throttling.  As  the  fan  was  accelerated  through  2050  rpm  with 
low  tunnel  velocity  and  open  louvers  this  vane  stress  peaked  at 
20,000  psl,  S.A.  for  less  than  half  a  second  in  the  second  flexural 
mode.  A  third  vane  whose  stress  also  increases  with  fan  throttling 
does  not  appear  to  be  influenced  by  any  particular  resonance. 

The  second  flexural  mode  responds  to  two  slightly  different  exciting 
frequencies.  When  the  stator  vane  sections  on  each  side  of  the  rear 
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frame  support  are  vibrating  in  phase  with  one  another,  the  second 
flexural  mode  frequency  is  slightly  higher  than  when  these  vane 
sections  are  vibrating  180“  out  of  phase  with  one  another,  this 
accounts  for  the  wide  variation  in  vane  to  vane  stress  noted  in 
the  testing. 


After  the  airplane  was  removed  from  the  wind  tunnel,  a  stator 
vibration  mode  check  was  made  showing  the  second  flexural  mode  to 
respond  to  the  36  per  rev  blade  passing  frequency  as  follows: 


vane  sections  in  phase 
vane  sections  out  of 
phase 


resonance  speed 
2000  to  2080  rpm 


1830  to  1950  rpm 


o 
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HARDWARE  INSPECTION  RESULTS 


VI.  HARDWARE  INSPECTION  RESULTS 


A  visual  inspection  of  the  vehicle  was  conducted  after  the  ground 
effect  test,  with  the  following  noted: 

1.  Rear  Frame  and  Exit  Louvers 

Excessive  pin  wear  was  noted  on  several  louvers  due  to  insufficient 
®^g3gemcnt  into  the  lever  arm.  All  of  the  pins  from  both  fans  were 
removed  and  will  be  reworked  to  eliminate  the  tolerance  between 
lever  arm  and  pin  and  to  increase  depth  of  penetration. 

2,  J85  Engine  and  Fan  Rotor; 

The  inspection  after  test  showed  considerable,  engine  damage  and 
indicated  that  a  small  part  (combustion  liner  igniter  eyelet)  had 
passed  through  the  engine  and  the  fan  turbine.  Subsequent  investi¬ 
gation  of  the  fan  turbine  showed  no  evidence  of  any  damage  (this 
is  similar  to  the  experience  with  Fan  001  which  passed  a  J85-3 
second  stage  turbine  baffle  with  negligible  fan  turbine  damage) . 

The  engine  damage  was,  however,  quite  extensive  and  will  require 
considerable  parts  replacement. 


The  engine  turbine  was  inspected  by  removing  half  of  the  turbine 
casing  prior  to  the  last  17  hour  wind  tunnel  test  and,  therefore, 
the  engine  damage  occurred  during  this  final  test  period.  It  is 
very  probable  that  re-installation  of  the  Igniter  plug  at  this 
inspection  damaged  the  eyelet  where  it  passes  into  the  liner  re¬ 
sulting  ultimately  in  failure  of  this  part.  This  is  not  expected 
to  be  a  repeatable  problem. 

SLIP  RING  COOLING 

During  previous  X353-5  tests  cooling  air  was  provided  to  the  strain 
gage  slip  ring.  In  this  phase  of  testing  this  air  was  turned  off  for 
35  minutes  while  the  fan  was  operating  at  1700  rpm.  There  was  no  in- 
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incrsasc  in  slip  ring  bearing  or  fan  bearing  temperatures,  however 
slip  ring  air  temperature  increased  from  140 °F  to  210 °F.  There  was 
no  noticeable  "noise"  increase  in  the  stress  signals  and  the  in¬ 
spection  of  the  slip  ring  after  the  test  indicated  normal  brush  wear. 
In  view  of  these  results  it  is  believed  feasible  to  operate  the  slip 
ring  without  cooling  air  for  short  periods  (1/2  hour)  in  a  flight 
test  aircraft.  Additional  tests  at  higher  fan  speeds  will  be  con¬ 
ducted  in  a  later  program. 
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RECOMMENDATIONS 


VII.  RECOMMENDATIONS 


The  nature  of  the  work  under  contract  DA  44 --177-10-58^  ij,  sucV  that 
specific  individual  reconmendations  are  made  in  the  regular  and  con¬ 
tinuing  working  relationships  between  the.  contractor,  TRECOM  and 
NASA-Ames.  Such  recommendations  are  usually  presented  in  corre¬ 
spondence  and  in  the  bi-monthly  technical  progress  reports  and  are 
not  restated  here.  Also  in  the  body  of  this  report,  individual 
technical  recommendations  are  incorporated  in  the  technical  dis¬ 
cussions  of  which  they  are  appropriately  an  inseparable  part. 

The  intent  of  this  part  of  the  report  is  to  summarize  the  major  pro¬ 
gram  recommendations  relating  to  the  continuation  of  the  work.  These 
are  . 


A.  Complete,  as  planned,  the  program  for  wind  tunnel  testing  of  the 
fan-in-wing  configuration,  plus  the  associated  inlet  development 
and  engineering  analysis  work  as  described  in  the  January  4,  1961 
contract  amendment.  This  program  will  cover  approximately  75  hours 
of  testing,  including  inlet  performance;  fan  mechanical  performance 
(.steady  state  and  transient);  effectiveness  of  thrust  spoiling  and 
vectoring  for  roll/yaw  control;  longitudinal  and  directional 
stability  and  static  derivatives  and  trim  control  requirements; 
tail  downwash;  ground  effects;  and  reingestion  and  circulation 
patterns . 

B.  Conduct  wind  tunnel  scale  model  tests  of  a  fan-in-wing  configuration. 
Test  several  wing  planforms,  flap  types,  wing  positions  and  fuselage 
shapes  to  allow  a  better  understanding  of  lift,  drag,  moment  and 
interaction  phenomena  observed  in  full  scale  tests,  and  to  provide 
design  data  for  fan  powered  VTOL  aircraft. 

C.  Conduct  full  scale  static  tests  of  a  fan-in-wing  configuration  to 
study  reingestion  patterns  and  to  identify  the  optimum  engine  in- 
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let  location. 


Conduct  full  scale  wind  tunnel  tests  of  a  simulated  Flight  Re¬ 
search  Vehicle  by  mid  1962  in  order  to  provide  advance  data  on 
this  configuration  for  use  in  the  detailed  aircraft  design.  This 
should  include  lift,  drag,  moment  and  interaction  studies;  wing 
closures,  stability  and  static  derivatives  and  trim  control  re¬ 
quirements;  static  reingestion  and  circulation  patterns  and  tem¬ 
perature  surveys . 
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APPENDIX  A 


TABLE  A-1 

DEFINITIONS  AND  SYMBOLS 


Velocity  of  sound  et  fen  Inlet,  ft/eec. 


Fen  exit  eree  >  17.8  eq.  ft. 


Wins  cepect  redo,  b*/S  -  5 


Wing  span  -  35.36  ft . 


Locel  wing  chord,  ft. 


Mean  wing  chord  5  /b  >  7.07  ft. 


Dreg  coefficient  D/q  5  (beeed  on  tunnel  q) 


Induced  dreg  coefficient,  C  * /n  AP  i 


Dreg  coefficient  beeed  on  wetted  aree 


Center  of  gravity 


Lift  coefficient,  L/q  S  (baaed  on  tunnel  q) 

Lift  coefficient  calculated  from  wing  stetlc  preseure  dletrlbutli 


Aecclcrseion  due  to  grevity  •  32.2  ft/eae.* 


G.W.  Aircraft  ftose  waight.  Ibe. 


Hj,  Dreg  eoeffteiant,  (baaed  on  fan  q) 


”dN  '*'•*  c®«ffletenc, 

Dreg  eoef flclant,  D^^/p  A^ 

Hc.W,  Coefficient,  C.W./pAp  (V^j^)* 

\  Lift  coefficient,  L^/p  A^  (baaed  on  fen  q) 

Mjj.  Lift  coefficient.  F^/p  A^ 


flt  coefficient,  M^/p  a^  0^^,^)*  1^  (beeed  on  fen  q) 


HP  Horeapower 


Horieontal  tail  groee  erae  -  '50  eq.  ft. 


Wing  groee  area  -  250  eq,  ft. 


Tenperetura,  *S  or  *F 


Tunnel  or  airplane  velocity,  Knote 


Pan  blade  tip  epeed  «  720  ft/eee.  or  426.6  knote  et  2640  «PM 


Veloeity  ratio  peraaatar  (nondineneionel) 
Airplane  ecell  epaed  (fan  off).  Knots 


Thrust  cocfflciane,  F/p  A^ 

Haight  of  the  bottem  of  the  fueelege  above  eba  ground,  ft. 


Tail  incidence  Mgle,  dagrsas 


Weight  flew,  Ibe/eec. 


Spanwlee  loeecion  frou  center  line  of  the  aii 


Pl<w  coefficient  -  G2/V^.  (nondineneionel) 


Angle  of  attack,  degreee 


Indicetad  exit  louver  angle,  degreee 


Effective  exit  louver  turning  angle,  degrees 


Preeeure  correction  paraawtar,  P 


Basic  elrereft  lift  (fen  off  •  holes  covered),  Ibe. 


Wing  flap  angle,  degreee 


hUxisM  lift  eoeffieiont  sc  t  Cj^/4a  -  0 

Koriaentsl  tell  lift  coefficient 

Rolling  Mouent  eoeffieient.  Roll  Foree/q  b 
(based  on  tunnel  q) 

Pitching  Ment  coefficient,  H/q  e^^  (based  on  tunnel  q) 
Wing  section  lift  eoeffieient 

Pitching  MCMcne  eoeffieient  celeuleted  fro*  wing  etetlc 
pressure  distribution 

Chengs  in  eoMcnt  coefficient  due  to  change  in  tall  incidence 


Intarectlon  lift,  Iba. 

1...  Pitch  reaction  control  n-rsnr  sr«  >  i 


Uj,  Total  •eaeured  lift  (fan  on),  Ibe. 


Tell  a»«eot  er«  -  22  ft. 


K  Baele  eirereft  pitching  sMent  (tall  off.  power  ofO,  ft.  Ibe.  • 

fig  Pitching  Moeat  dua  to  exit  louver  vectoring,  ft.  Ibe. 

F.Q  Pitching  aeuant  due  to  J85  raw  dreg  ^ 


Tell  dwowash  angle,  degreee 

Praction  of  tusmel  veloeity  heed  recovered  by  fen  inlet 
(includes  static  lose) 

Tenperstura  correetlon  peraaeter.  T  ...  /SIB. 7 
awblant 

Maes  deaelty,  eluge/eu.  ft. 

Lose  coefficient  in  per  cent  of  fen  inlet  velocity  heed 
et  the  feet  of  the  rotor 


Aircraft  yaw  angle,  or  preeeure  eoeffieient  ■  ^ 

(oondtnanelonel)  ^  (V  /a)* 


Intersctlon  pitching  ment,  ft.  Ibe. 


Heen  eerodynanie  chord  J  ^ 


Fan  average  axial  (or  through  flow)  velocity,  ft/eec. 


^J8S  Pitching  aonent  due  to  JS5  bleed  thrust,  fc.  Ibe. 

Kj,  Total  aeaeured  pitching  aoaanc  (fen  on),  ft.  Ibe. 

Pitching  aoaent  due  to  tail,  ft.  Ibe. 


Basic  aircraft  dreg  (fen  off-holca  covered),  Ibe. 


Interaction  dreg,  lbs. 


Fen  epcad,  RPM  or  X  of  design  -  264D  RPM  at  lOOX 


f*jS5  Engine  epaed,  RPM  or  X  of  dccign  •  16,500  RPM  at  lOOX 


Preseure,  Ibs/eq.  in. 


Denotes  flap  or  frontal  eree 


Total  lueeurad  dreg  (fan  on),  Ibe 


Oswald  efficiency  ■  0.8  (eeeuaed) 


Total  fen  thrust,  Ibe. 


Thrust  froa  J85  bleed  gee 


Horieontal  cosq>onent  of  fen  thrust,  F  [eln  (a  •  0  )]  ibe. 
Vertical  CMponcnt  of  fan  thrust.  F  [eoe  (0  -  a)]  Ibe. 


P/P  Fan  rotor  or  feo  stage  preeeure  ratio 


Locel  eCetie  preeeure,  Ibe/eq.  in. 
Pj^  Tunnel  total  preeeure,  Ibe/eq.  in. 


Tunnel  static  pTcseure,  Ibe/aq.  in. 


TUnncl  dynaate  preeeure,  Ibc/eq.  ft. 


RC  Reaction  control  output,  cyclec/scc. 


’^fen  *•"  <•"  aanterllne 


Denotes  total  or  tail 


Denotac  wing  or  wetted  eree 


Denotes  acceurenent  plane  ideatiflcction 
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APPENDIX  B 


GEOMETRIC  J)ATA 


WING 

Area 

Aspect  Ratio 
Taper  Ratio 
Mean  Aero.  Chord 
Airfoil  Section 
Wing  Loading 


HORIZONTAL  TAIL 
Area 

Aspect  Ratio 
Taper  Ratio 
Airfoil  Section 


VERTICAL  TAIL 

Area  25  Sq .  Ft. 

Aspect  Ratio  2.5 

Taper  Ratio  1.0 

Airfoil  Section  NASA  63  A  015 


50  Sq.  Ft. 

5 

1.0 

NASA  63  A  012 


250  Sq.  Ft. 
5 

0.5 

7.33  Ft. 
NASA  63-210 
28  PSF. 


BUCKET 

CARRIER 


BUCKET 

CARRIER 


TORQUE  BAND- 
SEAL  \ 


TORQUE  BAND 


DESIGN  'A' 


DESIGN  ’B' 


fTOURE  3a  TORQUE  BAND/SEAL  DESIGN  CONFIGURATIONS 


FIGURE  3b  ROTATING  SEAL  SEGMENT  (DESIGN  'A») 


68 


I 


1 


FIGURE  4  WIND  TUNNEL  INSTALLATION,  h/d  =  0.85 
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Unpowered  A/C  Performance  (Run  20) 


Figure  11 .  Fan  Powered  a/c  Performance  Runs  3  Through  8 


P'  TIP 


Figure  13.  Fan  Powered  A/C  Performance  Run.s  10,  12  &  13 


P'  TIP 


Figure  15.  Fan  Powered  Aircraft  Performance 


Runs  15  St  1(3 


P'  TIP 


Figure  19.  Fan  Powered  a/c  Performance  Runs  17  to  19 


Velocity  Matlo  -  V_/V 

3  p/  -j-ip 


Figure  21 .  Fan  Powered  A/c  Performance  Runs  17  to  19 


Flow  Coefficient  Ratio  -  */« 
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Flow  Coefficient  Ratio 
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Velocity  Ratio  -  Y/V 

ir  Xt  Ij) 

2Ua  -  LIFT  CCEFPICIEIIT  RATIO  VERSUS  VELOCITY  RATIO 


Lift  Coefficient  Ratio  -  H^/H 


Lift  Coerricicnl-  Ratio  at  Maximun  Lift 


FIGURE  25c  -  LIFT  COEFFICIENT  RATIO  AT  MAXIMUM  LIFT  VERSUS  VELOCITY  RATIO 
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=  0®;  Ihlgh  jiosltic 

,=  O.lh 


h/d  =  IJO 


\h/ Ip  =0.85- 


-h/Jp  = 


0.10 


0.20 


0.30 


Velocity  Ratio  -  V„/V , . 

P'  tip 

FIGURE  26c  -  DRAG  COEFFICIENT  RATIO  VERSUS  VELOCITY  RATIO 


Moment  Coefficient  Ratio 


XVe^ci.ty  Ratio  - 

FIGURE  27  a  -  MOMEIIT  C^FFICIENT  RATIO  VERSUS  VELOCITY  RATIO 


2.2 


I 


0.15  0,20  0.25  0.30 

RATIO  VERSUS  VELOCITY  RATIO 
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Radius  Ratio  -  r/r 

fan 

FIGURE  28b  -  PRESSURE  COEFFICIENT  ON  BOTTOM  OF  FUSELAGE  VERSUS  RADIUS  RATIO 


BOnrOM  OF  FUSELAGE  VERSUS  RilDIUS  RATIO 


Radius  Ratio  -  r/r 
1  fan 

FIGURE  28g  -  PRESSURE  COEFFICIEIiT  ON  BOTTOM  OF  FUSEMGE  VERSUS 


Radius  Ratio  •  r/r 

fan 

FIGURE  28h  -  PRESSURE  COEFFICIENT  ON  DOTTa^  OF  FUSEIAGF.  VERSUS  RADIUS  R/iTIO 


FIGURE  29a  -  TAIL  DOWNWASH  ANGLE  VERSUS  VELOCITY  RATIO 
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FIGURE  29b  -  TAIL  DCWRWASH  ANGIE  VERSUS  VELOCITY  RATIO 
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FIGURE  29c  -  TAIL  DCWNWASH  ANGI£  VERSUS  VELOCITY  RATIO 
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Tail  Downwash  .Angle  c  -  Degrees 


FIGURE  29e  -  TAIL  DCWNWASH  ANGIE  VERSUS  VELOCITY  RATIO 
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Tail  Downwash  Angle  €  -  Degrees 


FIGURE  29f  -  TAIL  DCWIWASH  ANGIE  VERSUS  VELCXJITI  RATIO 
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Pitching  Moment  Coefficient 
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Pitching  Moment  Coefficient 


0  0*05  0.10  0.15  0.20 


0.25  0.30 


Velocity  Ratio  -  Vp/V 

FIGURE  30b  -  PITCHING  MOMENT  COEFFICIENT  (TAIL  ON)  VERSUS  VELOCITY  RATIO 
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^  0-05  0.10  0.15  0.20  0.25  0.30 

Velocity  Ratio  -  V^/'V^ . 

P'^  tip 

FIGURE  30c  -  PITCHING  MOMENT  COEFFICIENT  (TAIL  ON)  VERSUS  VELOCITY  RATIO 
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Pitching  Moment  Coefficient 
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Pitching  Moment  Coefficient 


0  0.05  0.10  0.15  0.20  0.25  0.30  "I 

Velocity  Ratio  -  V„/V. . 

r  tip 

FIGURE  30f  -  PITCHIKG  MOMENT  COEFFICIENT  (TAIL  ON)  VERSUS  VELOCm  RATIO  'll 
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Pitching  Mooent  Coefficient 
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FIGURE  31a  -  PITCHING  MOMENT  COEFFICIENT  (TAIL  OFF)  VERSUS 
VELOCITY  RATIO 
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Moment  Coefficient 


Velocity  Ratio  -  V„/V  . 

P  tip 


FIGURE  31b  -  PITCHING  MOMENT  COEFFICIENT  VERSUS  VELOCITY 
RATIO  (TAIL  OFF) 


0.05 
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0.15 


0.20 


0.25 


Velocity  Ratio  -  Vp/V^^p 


FIGimE  31c  -  PITCHING  MOMENT  COEFFICIENT  VERSUS  VELOCITY 
RATIO  (TAIL  OFF) 
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Moment  Coefficient 


FIGURE  31d  -  PITCHING  MCWENT  COEFFICIENT  VERSUS  VELOCITY 
RATIO  (TAIL  OFF) 
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Moment  Coefficient 


Velocity  Ratio  - 

FIGURE  31e  -  PITCHING  MOMENT  COEFFICIENT  VERSUS  VELOCITY 
RATIO  (TAIL  OFF) 
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Moment  Coefficient 


3  =  35" 
Tail  Off 
h/d_  =  0.85 


a  =  0 


Velocity  Ratio  -  V„/V  . 

r  tip 

FIGURE  31 f  -  PITCHING  MOMENT  COEFFICIENT  VERSUS  VELOCITY 
RATIO  (TAIL  OFF) 
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Static  Longitudinal  Stability  -  9c  /  3c 


Pressure  Coefficient 


10.6  Pressure  Coefficient 


0  20  40  60  80  100  0  20  40  60  80  100 

Per  Cent  AtitiulUs  Are* 

FIGURE  35  -  26  INCH  SCALE  MODEL  FAN  PRESSURE  COEFFICIENTS  VERSUS 
PER  CENT  ANNULUS  AREA 


TIP 


NOTE;  All  dlmeinslons 
iiffi  feet. 


FIGURE  39  -  NASA  FULL  SCALE  AIRCRAFT  FRONT  VIEW  SHOWING  HEIGHTS  ABOVE  GROUND  FOR 

1.41  AND  0.85  h/d^ 

F  • 
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J85-7  Engine  Inlet  Temperature  Rise  Above  Ambient  AT 


Velocity  Ratio  -  V  /V 

p  tip  r 

j 

FIGURE  40a  -  J85-7  ENGINE  REINGESTION  VERSUS  VELOCITY  RATIO 

t 
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FIGURE  42b  -  J85-7  ENGINE  REINGESTION  VERSUS  VELOCITY  RATIO 
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J85-7  Engine  Inlet  Tenperature  Rite  Above 


Velocity  Ratio  -  V„/V  ^ 

F  tip 

FIGURE  42c  -  J85-7  ENGINE  REINGESTICW  VERSUS  VELOCITY  RATIO 
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Angle  of  Attack  a  -  Degrees 

FIGURE  43  -  J85-7  ENGINE  REINGESTION  "ERSUS  ANGLE  OF  ^ACK 


Per  Cent  Loss  in  Fan  Lift 


FIGURE  44  -  J85-5  AND  FAN  INLET  REINGESTION  EFFECTS  ON  FAN  THRUST 


Fan  ^ 


All  dimensions 
in  feet 


Figure  45  -  Thermocouple  Layout  (Tunnel  Floor) 


148 


Temperature  Increase  Above  Ambient 


Temperature  Increase  Above 


FIGURE  49  -  COSINE  29  MODE  BLADE  STRESS  VERSUS  INSTANTANEOUS  ACCELERATION 
OR  DECELERATION  RATE 
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FIGURE  54  -  TORQUE  BAND  AND  SEAL  LIP  TEMPERATURES  VERSUS  FAN  SPEED 
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FIGURE  55  -  TORQUE  BAND  AXIAL  STRESS  VERSUS  FAN  SPEED 


FIGURE  56  -  STATOR  VANE  STRESS  VERSUS  EXIT  LOUVER  ANGLE 
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